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Figure 40: When the curves for Csto in this figure were fainsd in

between the computed points, the fairhgs for values of A/B of 30

and 100 were inadvertently reversed in the cross-over region near

~h;82~Lr Thh curves should be identical, except for sign, with

o in figure 33, for which the fairings are correct.

Values of the coefficient CHto can therefore be obtained from the

latter curvei with aigus reversed.
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Char% providingcoefficientsfor the stressanalysisof a
re3nforcedcircularc~linderare presented. Thesechartsfacilitate
the rapiddeterwdnationof the sheerflowsand Mrect stressesin
the sheetof the cylinder as well as the skeqrforcos,axialforces,
ma bendingmomentsin the rings. Separatechartsare givenfor
each of the threebasicring loadings: 8 concentratedi’adi~l @ad,
a concentrated +~~ential loti, arki a concentrate& ben~ moment.

These charts applyto a“cylinikrof miform constructionloadedin
the plane of one reir&orc5ngring and are based u~cm th9 solution
of the finite-differenceequettont%velopedin NACA TechntcalNote
No. 1219, which,in contrastto the elementaryengineering analysis,
includesthe effectsof LLeformationsof ringsend sheet. TO obtain
the coefficientsthe stressenalystneed.msrelycomputethe velnes
of two sinplestructuzzalpemmeters ~d r8fer to the curvespresented
h the charts. The stressesdue to loadsappliedat several rings
or at differentposlticrmcm the samering can
give the stressescausedby theseloa&

INTRODUCTION

Ih several.~ners (r6feraaces1 to

acting

4) the

be superimposedto
s5mul’taneously.

elementary theory of
bend,ticand tors~o;is Ehownto lm inadcmuatefor the s&ss a&lYsis
of the-relativelyflexlbleshe3J.strutt~es used in airframe -
construction.Ih referenc91 a recurrenceformla suitablefor en
accuzateanalysisof the stressesti reinforcedcircularcylinders
was developed. This formu~awas treatedfor long cylizn?ers(similar
b airplenefuselages)as a fourth-orderfinite-differenc9‘equation
end was r9adilysolvedfor cyltidarsof uniformconstruction,!Ihe
preeent~aper containschartsbased on the solutionof the finite-
d.ifferenceequation. Thesechartsenablethe stressanalystto
detezmtisthe stressesand loadsin tie sheetend rings of eithera
long or a relativelyshortcylinderin the vicinityof axb3rnalforces.



SYMBOLS

Et‘R2

GtL2

~m4
E=

coefficient of ha or sfmess

Young ‘s Inodulw

shearmodulus

axialforce in ring at angle #

momentof’inertiaof

U3n@h of bay

concentratedbending

crosssecticmof

mcmmnton ring O

‘bendingmomentin ring at angle @

radialload cm ring 0 at # u 0°

radius ,ofcylinder f5naring

tikgential load cm ring O at # u 0°

shearforcein ring at angle #

N.4CATN No ● 1310

ring

at$=OO

I

shearflow in skinat angle @

elementaryshearflow h skinat angle # ~correspondsto
Ashearflow for ~ = O)

thicknessof skin

t?hiclmesuof all materialcarryingbendingstressesin
o~Mnder if uniformlydistributedaroundperimeter
(effectiveskin)



3

‘v longitudinaldirect strewmin effectiveskinat ring stati.ms
antintiar$gleg .

@ angqar Cooraiaate of point on cylinder.,

Subscripts”: ,“’“’

a axialforceb ring

m bendingmomentin or on ring

‘2 .shearflow in skin ,’

x radial load on ring

s shaarforce in rtig

c directstressin effectiveskin at ring staticms

& direct correcti~ st.re.ssin effectiveskinat ring staticms

-1, 0, 1 designation

When doublesu%ecripts*
stressesin structural
the cylindsr.

of l’in~Or bay

appear,first subscriptindicatesloadsor
comgmnent,and soconil,.applie~loadingon

-s

EASISFOR iIESWN.CHARTS

The theoryupon which the designchartsare based is presented
in”detailin reference1. Essentially,the analysisccmsistsof’the
developmentand soluticmin closedform of ,afour’~-order
fini.ts-difference eq~tiaa. The developmentis based.upcm the
mainte~anceof continuityof doformatias batweenreinforcingrings
and sheetof a circularsemimonocoquecylinder. Only external.
forcesacttigIn the plem3 of the ring are ccmsidered..The
coordinatecozmentionsare givenin figcox31 and the si= con-
ventionsfor forces”&d stresses.infigcws2.



BasicMH umptions.- ~ the developmentof the theoryof
reference1 the followin~basicassumptionsweremade:

(1)The stwuctureconsideredis a circularcylinderconsisting
of bays of identicalconstructionend extendti~longitudinallyto
infinityin both directionsfrom a loadedring. (Seefig. 1.]

(2) The relnf0mjj2g rings am of mnstant ruommt of inertia
and are attachedcatinuously to the periphery of the sheet. The
radiusto theneutralaxis of each ring coincides with the’radius
of thomiddlesurface of the sheet.,

(3)The part of the sheetarea whichis cmsldered to resist
bendingstresseeis addedto the stringerarea@nd the combination
is uniformlydistributedaboutthe peripheryof the cyM.nder ● TM5
resul+h,~ combinationIs an effecttveskin thickness t‘ which
resistsdirectstresses. The actualsheetarea i’sc~sldered
capableof sup-portingonly sheerstresses●

(k) Young’s modulus E and the she= modulus G are constant
throughoutthe cylinder. Poisson’sratiois zero.

(5)Radialdofomation of ringsand sheetcauseno circum-
ferentialextensionof theseelement~.

In accordiincewtth assumption (s), the sh&r stressesin the
slstido not vary longitudinallyexoeptat rimgs.

Applicability of t.heonto cylindersof finttelen@h.- Although
the soluticmof the finite-clifferencecxjuatiunis exactonlyfor
infinitelylang cylinders,it is shownIn reference1 that the
stressesantiloadsdetermhml from this soluticnccenparefavorably
“withthose.obtainedfrom experimentend from an exactanalysisfor
cylindersat+fidte length,providedthat the cyMnders am loaded
at least two bays from ext3rnal restraints ● The Good agreement
indicatedfollowsfrom the fact thatwhereasa concentratedload
causesdistortbns im the regia of the baa, th3 part of the
cylirder located a few beys f’rcmthe lobd can be assumedundisturbed.

MTF’LTCATIC!N(3?DESIGNCHARTS

Scopeand use of charts.-In reference1 it is shorn&at
calculationsof the stressesand Made in reinforcedcylinders
consistentwith the precedingassumptionsare dependentcmlyupon

*

Y



~6%I
tie loads introduced ena the structural parametersA = —

4
~3

A Gm
‘d 5 = EY”. Valuesfor the destgacharts(figs● 3 to 47) were,

comequentl.y,computedhy use of the formulasof reference1.
Formulasshownin tie fi~es are defined.in table1. For given
valueeof the strut.inualparameters A and A/’B, ‘he stress
analyatcen use the chartsto deterninethe follo~dngstresses
ant loadsa% any petit cm the peripheryo? a cylinder:

(1) The shear flows in the Edheet of thebays ad.j.scent to the” ‘
loaded ring

(2) Tkm Mrect stressesin the effectiveskinat the loadea ,
ring @nd at the two ‘ringsad~acentto thisrinG

(3) The moments,shears,ma mkl forcesin the 10aaOd ring
and the two adJ.5cent rl.qy

To a~ply the chartsthe stressanalystmust computethe values
& the structmal p_awters A and A/B and refer to the curves
whichmo~t nearlycorrespczaato thesetwo values● (Seeap~endix.)
For each”of the valuesof A = 2 x l&, 2 x X04, erd 2 x 106,
curvesare presente~mrrespandimgto several values of A/%
rangingfra O to@ . The stressaaand loadsin the sheetand rhge
are detercdne?lfrom the formulasand.curvesgivenin the charts.

A~qlicaticmto ce.ntilevereacylinders.-Separatechartsare
presented.for each of the threebasicring loadings: a concentrate
=dial loa&,a concentratedtang~tlal Ima, ma a ccmcentrated
%end?ngmoment. Thesechartsapply directlyto cszrMlevere&
cylindersloafiedin the plsne of one reinforcingrtig. The stresses
eny loadscaused.by two or more of the basicring loadingscan be
combined,to @tie the stressesemd loadsresultin~frc$nany type of
applfeaconcentrate.load. The stressesdue tc loadsactin~at
severalringsat variousangles # can be superimposedto give the
stressescaused.by the8eloadsacting simultaneously.’

Applicationto cylindersnot cantilevere&.- Althou@ th9 chsrts

are constructeduygn the assumption.that the cylindersare canti-
.. levetied.,theyneverthelesscan be used in the analysisof cylinders

not conttleverai.As tidlcatedh re~eremce1, stressesand loads
h the sheetaiidrings of a cantilevered, or noncsmtflevered, cylinaer

.,

\

. .
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can be resolvedintothe followingtwo components: (1)the
equililn?iumstressesand loadsobtainedfrom the elementary theory

of bendingand torsion(reference~) and (2) the correction
stressesand loadsdue to the consideraticmof the distortionsof
ringsma sheet.

M the chartspresented’the coefficientsfor the elementary
stresses and Zoadeare thoseof a cantileveredcircularcylfnder

Ama correspondto the curvefor - = O
B

to each chart. For other

conditionsof supyortthe chartsfor ring coefficientsare valid
In theiryresentform,whereasthosefor’sheetcoefficientsare
readilyappliedif, for each loadingconditicm,coefficients

Afor ~=0 are subtractedfrom the coefficientscorresponding to

the valuesof A ariaA#3 perttientto the cylinderbeinganalyzed.
The resultlngdifferencesrepresemtcorrectioncoefficientswhich
can be aaded to the elementaryvaluesconsistentwith any other
type of end restraint, (Seeappendfxfor a numericalexample.)

ACCURACYOF CEARTS

It was shownin refermce 1 that themdhod of analysisapplied
in the cmstructionof the designchartscan be expectedto give
stressesand loadswhichagreesatisfactorilywith experimental
values,provi~edthat the externalres&ainlm on the cykhmierbeing
analyzedare locatedtwo or more bays frcm the loadedrimgc The
numericalexamplegivenin reference, however,utilizesexact
valuesof A and A/B for the cylinderanalyzed. Sfnce,In
Cenmal, thesevaluesfor a particula cylinderwillnot correspmd.
exact= to any of the curvespresentedin figures3 to 47, a
numericalexample,in whtchvaluesof A and AK frcnnthe charts
are used,is givenin the appendix. The curvesin figures48 and49
showcomparleonsamongsome of the coefficientsfor a radially
loaded.cyltiderobtainedby usingchartvalues,by recurrence-formula
solutfonbased on thefhits cyltideras in reference1, by the
stt3nwa or elementarysolutim, ma hy experiment (cyllnaer2,
reference4). Althoughthe cylinderanalyzedccmtiinedonlyIfour
bays, coefficientsobtainedfrcm.thechartsare in satisfactory
agreementwith thoseobtainedby recurrence-formula~olutionand
experiment.

.

w

m
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Desi~ chartsare presented.which are hasea on the solutionof
the finite-differenceequationobtainetlinNACA TechnicalNote
No. 121g. These chartspermftthe rapiddeterminatimof the
followingstressesantiloadsin circularcylindersbaaed in the
plene of one”retimorcingring:. . .

“ (1)The shearflows in thesheet‘ofthe bays adjacentto the
loadedring

(2) The Urect str6ssesin the effectiveskinat the loaaed,
ring =a at the two rings ad jaoent”to thisring

(3)The moments, shears,anilaxffalforcesin the 10etLea ring

end. the two ad.jacentrings

For cylindersloadedat more thm ‘onering or at severalpositions
on the samering, ~~e to’~1stressesc= be obtainedby superposition
of thosestressesdeterminecifrom considerationof the cylinrlerfor
each individualload.

Langley MemorialAeronauti.oalLaboratory
NationalAdvisoryCcumittsefor Aeronautics

LangleyField}Ta., March 25, 1947
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&iEND=’. ,

NUMERICALEXAMPEES

Cantileveredcylinder.-In orderto Ulustrati’theprocedure.----- —,
used in the appl~cationof the chartsto cantileveredcylinders,
cylinder2 of reference4 is cmsiderea in thisappendix.As
indicateain the sketchof figure48, the cylihderhas fourbays
and is radiallyloadedat the middlereinforcingring. The
followingpropertiesof the cylinderare obtainedfromtable1
of reference4:

R,in,c.-... . . . . . . . , . . . . . . . . . . . . .
L,in. . . . . . . . . . . . . . . . . . . . c’. . . . . . . :;
t,in.40 . . . . . .0 . . . . . . . . ,. . . , . . , . . . O.0*0

I,in. . . . . . . . . . . . . . . . . . .. . . . . . . . . .o.04001.

i?dncethe cylinderhas no lon@tuMnal reinforcements,
tf =Xt=o.0320 In. In reference4 Youngfsmodulusis taken
as 10.6x 103 ksi end the shearmodulusas 4,00x 103 ksi.
Consequently,

A=
156 x 0.03A3 s 2700

0.04001% 153

al-la

A-=
B

The values of

4.00x 103x 0.032x & -1020
.l

10.6x 10SX 0.0kO02X 15

A end A/’B from the chartthatare nearestto
the ccqyutedvaluesare “

A=2x104

,/”

●

w

and
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The coefficientsfor loaW and stressesthatcorrespcmdto a radial
load on the cylinder,therefore,are o%tainedfrcm the curves

Acorrespondingto ~ = 103 in figures18 to 22● The coefficients

can be convertedto 10W ard stresses with the aid of the formulas

given in the charts and ~izea in table 1. The coefficients
for %endtigmomentsin the kingsand shearflows in the sheetfor
this exampleare plottedin figuresh8 and 49 where coefficients
determinedby othermethodsof analysisand by experhnentare also
plottedfor comgmrison.

SimPIY sup-portedcylinder●- ~f me ~e~ ~~zed ~ the
previousyroblemis now consideredSWPZY supportedat the end
ringsand rd.iaUy loadedat the mtda,lering (seesketchin figs X) ~
the elementaryshearflow consistent with this methodof support
mmt he computed,and the coi~gcti~ shearflow due to the distortion
of the cylindercan lm determinedfrom figure21 (A = 2 x 104
=a+= ~03) ● As ~time~ fi tie sect~m of ~~ present paper

.
entitled ~’mpmcmm03’msraf CHPECS,’1the coefficients for r%
stressesand loads can be obtaineddirectlyfrom the charts
(figs.18 to 20). The elementaryshearflow in bay O is

A curvefor shear-flowcoefficientscorrespcmMmgto this standard.
solutionis givenin figure~. The correctionshear-flow
coefficientsare determinedfrcnnfigure21 by su,tracthn of the

Acoefficientsgivenby the curvefor ~ = O frcm Wose givcm%Y the

Acurvefor ~ = 103. Thesecorrectionsare plottedin figure50●

Aaaitfm of the elementaryant correction-coefficientcurvesyields
the curvefor the totalshear-flowcoefftcient$which is also ehom
tn ftgum 50. Becauseof the s~etry of loadtig,tie shem-fl~
coefficientsfor bay -1 are thenegativeof the correspcding
coefficientsfor bay O.
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[sign Om.vention is shown h figure !2 ]
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Radial led, P %m.genkkl lend, T hkmkalt load, M

I
shearing

fovce ‘g= cd
= -v+ Vq = c,~~ ‘ V$ Vp=%m:=v+
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Figure 1.- Part of infinitely long cylinder.r

r-1

L

TJn-

~

0 )
0

NATIONAL ADVISORY
COMHITTSE F’m AERONAUTICS

..

Figure 2.- Sign convention,
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Figure 3.- Ring bending-moment coefficients for radial load.

(A = 2 x 102.)

r
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Figure 4.- Ring axid.-load
(A =2x

Fig. 4

.

coefficients for radial load.

102.)
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Figure 5.- Ring transverse-shear coefficients for radialload.

(A = 2 x 102. )
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Fig. 6

Figure 6.- Skin shear~ow coefficients for radid led.
(A = 2 x 102.)



Fig. 7

Figure 7.- Skin direct-stress coefficients

.(A=2 X102. )

NACA TN No. 1310

at rings for radial load.
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NACA TN NO. 1310
Fig. 8

Figure 8.- Ring bending-moment coefficients for tangenti~ load.
(A = 2 x 10?)



Fig. 9
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. Figure 9.- Ring axial-load coefficients

(A = 2 X 1020)

for tangential load.
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Fig. 10
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Figure 10.- R@ transverse-shear coefficients for tangential load,

(A = 2 x 102.)

1
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Figure 11. - Skin shear-flow coefficients for tangential load.

(A = 2 X 102.)
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NACA TN No. 1310 Fig. 12

t

Figure 12. - Skin direct-stress coefficients at rings for tangential load.

(A = 2 X 102.)
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Figure 13. - Ring bending-moment coefficients for moment load.

(A = 2 x 102.)
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NACA TN No. 1310 Fig. 14
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. Fi~e 14.- Ring axial-load coefficients for moment load.
(A = 2 x 102.)
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Fig. 15
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Figure 15. - Ring transverse-shear coefficients for moment load.

(A=2 x102.)
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NACA TN NO. 1310 Fig. 16
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Figure 16. - Sh shear-flow coefficients for moment load.

(A = 2 x 102.)

.
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Figure 17. - Skin direct-stress coefficients at rings for moment load.

(A = 2 x 102.)
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NACA TN No. 1310 Fig. 18

,

Figure 18.- Ring bending-moment coefficients for radial load.

(A = 2 x 104°)
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Figure 19. - Ring axial-load coefficients

(A = 2 X 104.)

for radial load.
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Figure 20. - Ring transverse-shear coefficients for radial load.

(A = 2 x 104.)
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Fig. 21
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Figure 21. - Skin shear-flow coefficients for radial load.

(A = 2 x 104.)
.
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F@ure 220- Skin direct-stress coefficients at rings for radial load.

(A = 2 x 104.)
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Figure 23. - Ring bending-moment coefficients for tangential load.

(A = 2 X 104. )
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Five 24.- Ring axial-load coefficients for t~genti~ ~od.

(A = 2 x 104.)
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Figure 25. - Ring transverse-shear coefficients for tangentialload.

(Ji=2 x104.)
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NACA TN No. 1310 Fig. 26
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Figure 26.- Skin she~-flow coefficients for tangential load.

(A = 2 x 104.)
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Figure 27.- Skin direct-stress coefficients at rings for

(A = 2 x 104.)

r

tangential load.
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~i~e 28.- u bending-moment coefficients for moment load.
(A = 2 x 104.)
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Fig. 29 NACA TN NO. 1310
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Figure 29. - Ring axial-low coefficients for moment load.
(A = ~ x 104.)
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)?igure 30. - Ring transverse -shear coefficients for moment load.

(A = 2 x 104°)
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Figure 31. - Skin sheai-flow coefficients for moment load.

(A = 2 x 104.)
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Figure 32.- Skindirect-stress coefficients at rings for moment load.

(A = 2 x 104.)

NACA TN No. 1310
Fi~* 32
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Figure 33. - Ring bending-moment coefficients for radial load.

(A = 2 x 106,)
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F@ure ~.- Ring axial-load coefficients for radid load.

(A = 2 x 106.)
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Fig. 35 NACA TN No. 1310
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35. - Ring transverse-shear coefficients for radial load.
(A = 2 x 106. )
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Figure 36. - Skin shear~ow coefficients for radi~ load.

(A = 2 x 106.)
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Figure 37*- Skin direct-stress coefficients
.. .(A = 2 x 106.)

I

i

,

.

at rings for radial load.
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Figure 38. - Ring bending-moment coefficients for tangential load.

(A = 2 x 106°)
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Figure 39.- Ring atial-load coefficients for tangential load.
(A = ,3 x 106.)
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Figure 40.- Ring transverse-shear coefficients for tangentia3 load.

(A=2 X106,)
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Figure 41. - Skin shear-flow coefficients for tangential load.
(A = 2 x 10%)

,

4

I

i

,

,

#

,

n



NACA TN No. 1310 Fig. 42

,

,

#

.

Fi&me 42.- Skin direct-stress coefficients at rings for tangential load.

(A = 2 x 106.)
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Figure 43. - Ring bending-moment coefficients for
(A = 2 x 10%)

moment load.
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Fig.44
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Figure 44. - Ring axial-load coefficients for moment load.
(A = z x 1060)
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Figure 45. - Ring transverse-shear coefficients for moment load.
(A=2 x lop.)
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Figure 46.- Skin shear%low coefficients for moment load.

(A = 2 x 106.)
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Figure 47. - Skin direct-stress coefficients at rings for moment load.

(A = 2 x 106.)
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